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SPECIFICATION 

SINGLE-PHASE MOTOR AND HERMETIC COMPRESSOR 

Technical Field 

[0001] The present invention relates to a single-phase motor having single-phase 
two-pole windings and a hermetic compressor employing the single-phase motor. 

Background Art 

[0002] As for a conventional single-phase motor, a size of a slot in which an auxiliary 
winding is contained is reduced, and an outer circumference of a stator iron core is 
formed into a polygonal shape. Further, with securing magnetic path of a coreback, a 
width of hoop material of electromagnetic steel sheets is reduced (refer to Patent 
Document 1, for example). 

[0003] Further, another conventional single-phase motor has a notch having a roughly 
semicircular shape on an outer circumference of a stator, so that noise reduction is 
carried out without interrupting a main magnetic path of a stator iron core (refer to 
Patent Document 2, for example). 

Patent Document 1: JP11-252841 
Patent Document 2: JP2001-268824 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0004] In a conventional single-phase motor, since an outer circumference of an iron 
core is formed into a hexagon, a width of hoop material can be reduced; however, a 
material layout may deteriorate since each pitch is determined at a vertex of the 
hexagon. This causes a problem that the cost is increased. 

[0005] Further, there is another problem that in another conventional single-phase 
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motor, since a notch is large, a main magnetic path of a coreback of a stator iron core 
may deteriorate when it is used for a two-pole single-phase motor. 
[0006] The present invention is provided to solve the above problems and aims to 
obtain a highly efficient and low cost single-phase motor and a hermetic compressor 
5 employing the motor by producing the motor in a form that allows a proper material 
layout, with securing a magnetic path of a coreback of a stator iron core. 
[0007] Further, the present invention aims to obtain, by inserting a main winding into 
a large slot so as to increase a maximum torque of a motor, a highly reliable 
single-phase motor which can generate torque sufficient to operate the motor even if the 
10 applied voltage is decreased and a hermetic compressor employing the motor. 

Means to Solve the Problems 

[0008] According to the present invention, in a single-phase motor having: a stator 
including a stator iron core formed by laminating a plurality of electromagnetic steel 

15 sheets and provided with a slot and single-phase two-pole distributed windings 

composed of a main winding and an auxiliary winding contained in the slot; and a rotor 
placed through a gap on an inner circumference of the stator, at least five notches each 
having a roughly straight lined shape are provided on an outer circumference of the 
stator iron core, so that a quadrangle is formed by straight lines including four notches 

20 out of the at least five notches. 

[0009] Further, the single-phase motor of the invention includes six notches, so that a 
rectangle or a square is formed by straight lines including four notches out of the six 
notches. 

[0010] Moreover, in the single-phase motor of the invention, the stator iron core is 
25 provided with a plurality of slots, among a plurality of slots, at an outer circumferential 
side of which a notch is not placed, at least one slot is made to have a deeper depth in a 
radial direction than a slot, at an outer circumferential side of which a notch is placed, 
so that a large slot and a small slot are formed. 

[0011] Yet further, in the single-phase motor of the invention, winding to be contained 
30 in the large slot has a higher cross section ratio of winding for a slot area than winding 



to be contained in the small slot. 

[0012] Further, in the single-phase motor of the invention, an outer winding of a 
concentric main winding is inserted in the large slot. 

[0013] Moreover, in the single-phase motor of the invention, in case of inserting 
windings, the main winding is inserted after the auxiliary winding is inserted to the slot. 
[0014] Yet further, according to the present invention, in a single-phase motor having: 
a stator including a stator iron core formed by laminating a plurality of electromagnetic 
steel sheets and provided with a slot between stator teeth, and single-phase two-pole 
distributed windings composed of a main winding and an auxiliary winding contained 
in the slot; and a rotor placed through a gap on an inner circumference of the stator, a 
notch having an approximately same width as the stator teeth on an outer circumference 
of the stator iron core. 

[0015] According to the present invention, a hermetic compressor includes the above 
single-phase motor. 

Effect of the Invention 

[0016] According to the present invention, it is possible to obtain a highly efficient 
and low-cost single-phase motor formed by the above structure by producing a motor in 
a form that allows a proper material layout, with securing a magnetic path of a coreback 
of a stator iron core. 

Preferred Embodiments for Carrying out the Invention 
[0017] Embodiment 1. 

Figs. 1 through 6 show the first embodiment. Fig. 1 is a cross sectional view 
showing a stator iron core of a single-phase motor. Fig. 2 is an explanatory drawing of 
a method for blanking the stator iron core. Fig. 3 is a cross sectional view showing the 
stator iron core of the single-phase motor. Fig. 4 is a cross sectional view showing the 
stator iron core when it is used for an induction motor. Fig. 5 is a cross sectional view 
showing the stator iron core when it is used for a synchronous induction motor. Fig. 6 
is a cross sectional view showing stator iron core when it is used for a brushless DC 



(Direct Current) motor. 

[0018] In Fig. 1, a stator iron core 1 is formed by laminating a plurality of 
electromagnetic steel sheets which is magnetic substance, and an outer circumference 
formed by the electromagnetic steel sheets has a roughly circular shape. The stator 
iron core 1 includes six notches 2 that are formed by providing with straight line 
portions at a form of the outer circumference, and the six notches are arranged so that 
four of the six notches form a rectangle. When the stator is inserted to a cylindrical 
frame (not illustrated), the notches 2 become empty. 

[0019] The stator iron core 1 is provided with slots having different depths, that is, a 
small slot 3 and a large slot 4. Inside of the small slot 3 and the large slot 4, two-pole 
single-phase concentric windings composed of a main winding and an auxiliary winding 
are inserted. By passing electric current through the main winding and the auxiliary 
winding, two-pole rotating magnetic field is generated by the stator. 
[0020] Fig. 2 is an explanatory drawing of material layout for the stator iron core 1 
formed by blanking out of hoop material 6 of rolled electromagnetic steel sheets. As 
shown in Fig. 1, the notches 2 are provided so that, among the six notches, the straight 
line portions of the four notches make a rectangle as shown by a wavy line. When the 
four notches 2 of the outer circumference form a rectangle, two straight lines of the 
rectangle that face each other determine a horizontal width of necessary hoop material 6, 
and the other two straight lines determine each pitch (interval) which is necessary for 
blanking the stator iron core 1. By forming a rectangle, it is possible to reduce a 
horizontal width of the hoop material 6 and also reduce each pitch compared with a 
shape that does not form a rectangle. Namely, an area of the electromagnetic steel 
sheet necessary for blanking the stator iron core 1 can be reduced. By improving 
material layout (material yield), a low-cost single-phase motor can be obtained. 
[0021] Further, the stator iron core 1 includes large and small slots, and some or all of 
slots, an outer circumferential side of which does not have the notch 2, are made large 
slots 4, and slots of the other parts are made small slots 3. 

[0022] Due to the rotating magnetic field generated by the stator, magnetic flux 
density of a coreback 5, especially in two-pole rotating magnetic field, tends to be high. 



If the magnetic flux density becomes too high (saturated), not only iron loss at the 
coreback 5 increases, but copper loss also increases because electric current that flows 
through the main winding and the auxiliary winding necessary for generating torque is 
increased, which causes a problem that the efficiency is degraded. 
[0023] In the present embodiment, a depth in a radial direction of slots, an outer 
circumferential side of which does not have the notch 2 is made large, and a depth of 
slots in the other part is made small, so that the length of coreback is secured so as not 
to make the magnetic flux density saturated. By moderating the magnetic flux density, 
the increase of iron loss and copper loss can be prevented, and a highly efficient 
single-phase motor can be obtained. 

[0024] Here, a case of four notches 2 in total will be explained. A total area of the 
notches 2 is a necessary area for securing the reliability of the motor. In particular, 
when a single-phase motor is used for a hermetic compressor, since the notches 2 
become a passage for refrigerant, the performance of the hermetic compressor is 
degraded if the total area of the notches 2 is reduced. 

[0025] It is, needless to say, possible to form a rectangle by the four notches 2 in total, 
and further to improve material layout for blanking. However, when only four of the 
notches 2 are provided, each area of the notches 2 needs to be larger compared with a 
case of six notches. Because of this, a length of the coreback is reduced, and the 
magnetic flux density of the coreback becomes high. In order to obtain both features 
of moderation of the magnetic flux density of the coreback and a proper material layout, 
it is desired to form a rectangle (or a square) by six notches. 

[0026] Further, when the number of notches is distributed, an area which contacts with 
the cylindrical frame is decreased, and the number of contacts is increased. Because of 
this, energy that transfers electromagnetic vibration generated by the stator is distributed, 
and a single-phase motor with low vibration and low noise can be obtained. In 
particular, in a two-pole single-phase motor, the magnetic field generated by the stator 
becomes an oval magnetic field that is distorted from the rotating magnetic field. 
Therefore, in the two-pole single-phase motor, since the electromagnetic vibration tends 
to increase, more effect can be achieved. 
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[0027] As shown in Fig. 3, by increasing the areas of notches at the left and right sides, 
the horizontal width of the hoop material shown in Fig. 2 can be further reduced, and 
thus it is possible to obtain a lower cost single-phase motor. However, when the 
notches 2 at the left and right sides are made too large, the magnetic path of the 
coreback 5 is interrupted, so that the efficiency may be degraded. In such a case, 
depending on necessity, the deterioration of efficiency can be prevented by forming 
small slots 31 so as to reduce the area of slots which face the notches 2 at the left and 
right sides. 

[0028] Fig. 4 is a cross sectional view showing the stator of the single-phase motor 
when it is used for an induction motor. In Fig. 4, a rotor iron core 7 of a rotor has a 
rotor slot 8 to which conductive material such as aluminum or copper is cast in. When 
the stator of the single-phase motor of the present embodiment is used for the induction 
motor, by moderating the magnetic flux density of the coreback as discussed above, it is 
possible to reduce the electric current that runs through the main winding and the 
auxiliary winding at the same torque. Therefore, when the single-phase motor of the 
present embodiment is used for the induction motor, a highly efficient single-phase 
motor can be obtained. 

[0029] Further, Fig. 5 is a cross sectional view showing the stator of the single-phase 
motor when it is used for a synchronous induction motor. In Fig. 5, the rotor iron core 
7 of the rotor has a rotor slot 8 and a rotor slit 9 to which conductive material such as 
aluminum or copper is cast in. Here, a case will be explained, in which aluminum is 
cast in both the rotor slot 8 and the rotor slit 9; however, the same effect can be obtained 
even if the rotor slit 9 contains no conductive material. 

[0030] Since a synchronous induction motor, at the time of normal operation, rotates 
synchronously to the rotating magnetic field generated by the stator, the magnetic flux 
density of the coreback tends to increase more than the induction motor. By 
employing the stator of the present embodiment in the synchronous induction motor, it 
is possible to reduce the magnetic flux density of the coreback, so that a further highly 
efficient single-phase synchronous induction motor can be obtained. 
[0031] Further, Fig. 6 is a cross sectional view showing the stator of the single-phase 
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motor when it is used for a brushless DC motor. In Fig. 6, the rotor includes a rare 
earth magnet 13. When the rare earth magnet 13 is used, the magnetic flux generated 
by the rotor becomes very strong, so that the magnetic flux density of the coreback 5 
tends to increase further. However, it is possible to obtain a highly efficient brushless 
5 DC motor by employing the stator of the present embodiment. 

[0032] Moreover, when this single-phase motor is mounted on a hermetic compressor, 
since the mounted motor costs low and is highly efficient, it is possible to obtain a low 
cost and highly efficient hermetic compressor. If such a hermetic compressor is used 
for an air conditioner, energy saving can be accomplished. 
10 [0033] In this embodiment, a case in which four notches form a rectangle has been 

discussed; however, the same effect can be obtained if they form a square. Further, the 
number of notches is not limited to that of this example but at least five. 

[0034] Embodiment 2. 
15 Fig. 7 shows the second embodiment and is a horizontal cross sectional view of 

a stator of a single-phase motor. It is a cross sectional view of the stator iron core 1 

shown in the first embodiment to which the main winding 10 and the auxiliary winding 

11 of single-phase two-pole concentric windings are inserted. 

In Fig. 7, only the main winding 10 is inserted in the large slot 4, and among 
20 the small slots 3, there are slots to which only the auxiliary winding 11 is inserted and 

slots to which both the main winding 10 and the auxiliary winding 11 are distributed 

and inserted. Therefore, to the large slot, an outer winding of the concentric main 

winding is inserted. 

[0035] Here, the windings are inserted so that the quantity of copper of the main 
25 winding 10 inserted in the large slot 4 should be increased, and at the same time an 

occupying rate of winding (a rate of cross section area of winding occupied in a slot 

area) should be made higher than the occupying rate of winding of the small slots 3. 

In the vicinity of an edge in an axial direction of the large slot 4 to which the 

main winding 10 is inserted, a coil end of the auxiliary winding 11 passes. However, 
30 the coil end of the auxiliary winding 11 can be easily extended to the outside, so that the 



8 



occupying rate of winding of the large slot 4 can be increased. 
[0036] In a two-pole single-phase motor, main winding copper loss at the main 
winding 10 is often increased more than auxiliary winding copper loss which is a loss at 
the auxiliary winding 11. In the present embodiment, since the occupying rate of 
winding of the main winding 10 inserted to the large slot 4 is made higher, it is possible 
to reduce a coil resistance of the main winding 10 compared with a case where the 
occupying rate of winding is the same between the large slot 4 and the small slot 3. 
When the coil resistance is reduced, the main winding copper loss can be reduced in the 
same electric current, and the stator of a highly efficient single-phase motor can be 
obtained. 

[0037] Further, by reducing the coil resistance of the main winding, it is possible to 
increase the possibly maximum torque (stalling torque) to be generated at the same 
voltage. Namely, when expressed inversely, it is possible to generate operable torque 
even if the applied voltage is decreased in a circumstance of degraded power source, 
which enables to obtain the stator of a highly reliable single-phase motor. 
[0038] Moreover, in Fig. 7, the windings are formed by inserting the main winding 10 
after inserting the auxiliary winding 11, so that the auxiliary winding 11 is placed at an 
outer circumferential side of the slot and the main winding 10 is placed at an inner 
circumferential side of the slot. A coil length of the main winding 10 placed at the 
inner circumferential side can be made shorter than one of the auxiliary winding 11 
placed at the outer circumferential side. Since the coil resistance of the main winding 
can be reduced more by shortening the coil length, it is possible to obtain the stator of a 
further highly efficient and highly reliable single-phase motor. 

[0039] Embodiment 3. 

Fig. 8 shows the third embodiment and is a horizontal cross sectional view 
showing a stator of a single-phase motor. As shown in the figure, roughly semicircular 
notches 2 are provided on an outer circumference of the stator iron core 1. 

When the stator is mounted on a hermetic compressor, the notches 2 are used 
as passages for refrigerant or oil, etc., and in order to secure the performance and 
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reliability, it is necessary to form the notches 2 to have a total area of more than a 
certain level. By increasing the number of the notches 2, the total area can be secured 
even if each area of the notches 2 is small. 

[0040] Further, the notches 2 are formed to have almost the same width as width of 
5 stator teeth 12 and are provided on the outer circumference of the stator teeth 12. The 
width of the coreback 5 is the smallest at the outer circumferential side of the slots, and 
since the width of the outer circumferential side of the stator teeth 12 is large, the 
magnetic flux density does not become high at this portion. When the roughly 
semicircular notches 2 are provided at the portion where the magnetic flux density does 
10 not become high, the magnetic flux is not saturated, and the increase of electric current 
which flows through the windings can be prevented. 

[0041] Further, by increasing the number of the notches 2, it is possible to secure 
sufficient width of the coreback, and the stator of a highly efficient single-phase motor 
can be obtained with reducing the magnet flux density. 

15 [0042] Further, Fig. 9 is a horizontal cross sectional view of a stator of another 

single-phase motor. Fig. 9 is made by increasing the depth of the notches 2 with fixing 
the width of the coreback of Fig. 8. If the area of the notches 2 is insufficient, it is 
applicable by increasing the depth of the notches 2 in the radial direction. 
[0043] Further, Fig. 10 is an explanatory drawing showing a stator of a single-phase 

20 motor which includes a single-phase two-pole main winding 10 and an auxiliary 

winding 11. In Fig. 10, notches are not provided on the outer circumferential side of 
the slots to which the main winding is inserted. 

[0044] As described above, by increasing an area of the slots which contain the main 
winding 10, it is possible to obtain a highly efficient and highly reliable single-phase 
25 motor. Also in this embodiment, similar effect can be obtained by considering both the 
positions of notches and the arrangement of windings of the slots. In Fig. 10, large and 
small slots are not formed; however, further effect can be achieved by making the slots 
to which the main winding 10 is inserted large as discussed above. 

30 [0045] Embodiment 4. 
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Fig. 11 shows the fourth embodiment and is a vertical cross sectional view of a 
hermetic compressor. The hermetic compressor of Fig. 11 is a rotary compressor; 
however, the embodiment can be applied to other kinds of compressor. As shown in 
Fig. 11, the hermetic compressor includes a compressor element part 21 and a motor 
element part 20 that drive the compressor element part 21 through a rotation shaft 23 in 
a sealed container 22. The single-phase motor according to the first through third 
embodiments is used for the motor element part 20. 

[0046] When the single-phase motor according to the fist through third embodiments 
is mounted on the hermetic compressor, since the mounted motor costs low and is 
highly efficient, it is possible to obtain a low-cost and highly efficient hermetic 
compressor. If the hermetic compressor is used for an air conditioner, energy saving 
can be achieved. 

Brief Explanation of the Drawings 
[0047] 

[Fig. 1] Fig. 1 shows the first embodiment and is a cross sectional view showing a 
stator iron core of a single-phase motor. 

[Fig. 2] Fig. 2 shows the first embodiment and is an explanatory drawing of a method 
for blanking the stator iron core. 

[Fig. 3] Fig. 3 shows the first embodiment and is a cross sectional view showing the 
stator iron core of the single-phase motor. 

[Fig. 4] Fig. 4 shows the first embodiment and is a cross sectional view showing the 
stator iron core when it is used for an induction motor. 

[Fig. 5] Fig. 5 shows the first embodiment and is a cross sectional view showing the 
stator iron core when it is used for a synchronous induction motor. 
[Fig. 6] Fig. 6 shows the first embodiment and is a cross sectional view showing the 
stator iron core when it is used for a brushless DC motor. 

[Fig. 7] Fig. 7 shows the second embodiment and is a cross sectional view showing a 
stator of a single-phase motor. 

[Fig. 8] Fig. 8 shows the third embodiment and is a cross sectional view showing a 



11 



stator iron core of a single-phase motor. 

[Fig. 9] Fig. 9 shows the third embodiment and is a cross sectional view showing a 
stator iron core of a single-phase motor. 

[Fig. 10] Fig. 10 shows the third embodiment and is a cross sectional view showing a 
stator iron core of a single-phase motor. 

[Fig. 11] Fig. 11 shows the fourth embodiment and is a cross sectional view showing a 
hermetic compressor. 

Explanation of Signs 

[0048] 1: a stator iron core; 2: a notch; 3, 31: a small slot; 4: a large slot; 5: a 
coreback; 6: hoop material; 7: a rotor iron core; 8: a rotor slot; 9: a rotor slit; 10: a main 
winding; 11: an auxiliary winding; 12: a stator tooth; 13: a rare earth magnet; 20: a 
motor-element part; 21: a compressor element part; 22: a sealed container; and 23: a 
rotation shaft. 



